pi Electrode for biopotential recording

Dk Lead wires -T,
R (100 MQ)
Soiites 12 EEG recordings 10 sec NOISE
100.\105 list @wmn] | ) Glass A}
P Conductive epoxy Using conventional metal (Ag-AgCl) electrodes
GND T Silver electrode
0.25 mmi

15 mm¢—  BaTiOgceramic W%\WWNW NA‘M‘_W"W\'MW
Using barium-titanate-ceramics capacitive-type electrodes
Capacitive electrode
Reference : T.Matsuo, M.Esashi, K.Iinuma, Capacitive Electrode for Biomedical Use (—the Use of Barium—titanate Ceramics
for Biomedical Sensing Electrode —), Medical Electronics and Biomedical Engng., 11 (1973) pp.156—162
T.Matsuo, Klinuma and M.Esashi, A Barium—Titanate—Ceramics Capacitive—Type EEG Electrod, IEEE Trans.on Biomedical

Engineering, BME-20 (1973) pp.299-300

Au

100um ¢

5 r
section AA’
W CVD Si0./SisNy
thermal SiO;

section BB

11004V

section CC’

Micro multielectrode Flexibl multilectrodes

Reference : Y.Ohta, M.Esashi, T.Matsuo, Multielectrode Fabrication for Simultaneous Recording of Nerve Impulses Using IC
Techniques, Medical Electronics and Biomedical Engng., 19 (1981) pp.106-113

T.Matsuo, A.Okitsu, M.Esashi, Fabrication of Flexible Multi Electrode for Biomedical Use, Tohoku region meeting of Electrical Eng,,
1B11 (1978)

Muscle strech 100 pv
X

I 20 msec

| 7 > '
Nerve regeneration electrode (Univ. of Alberta, Canada)

Reference : A.Mannard, R.B.Stein and D.Charles, Regeneration Electrode Units : Implants for Recording from Single
Peripheral Nerve Fibers in Freely Moving Animals, Science, 183 (1974) pp.547-549

CHANNEL STCPER (p+) SOURCE (w+) -

CANNEL

GATE $i0k 1000 A
Suth 1000 A

SUBSTRATE (p)

(100) S WAFER

SOb000A  DRAIN 10, 0e) ' L NS N

Nerve regeneration electrode using open gate MOSFET

Reference : A.Yamaguchi, T.Matsuo, M.Esashi, Fabrication of Multi-Hole—Active Electrode for Nerve Bundle, 17%" Convention
of Japan Soc. ME & BE (1978) p.261
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Sample solution Wax
~ SiO2 s o f-j-.'-
A\ ! e Metal
p-Si n*

J

Semiconductor ion sensor (ISFET)

Tooth pick

Microscope "
Wax /i g
Si chip>
Rotary |% ° "—éAC
50 4 m e stage / IOBV

Carbon heater

Foot switch

Medical active electrode

Reference : T.Matsuo, M.Esashi, Klinuma, Medical Active Electrode Using Field Effect of Semiconductor(1), Tohoku
Convention in Electrical Soc.. (1971) p.28

M.Esashi, T.Matsuo, Medical active electrode using field effect of semiconductor —Operation as a cation selective electrode
—, 12*" Gonvention ME&BE, (1973) pp.507-508

Drain

Source lon sensitive layer

SisNs (1000A)

ISFET (Ion Sensitive Field Effect Transistor)

Reference : M.Esashi and T.Matsuo, Biomedical Cation Sensor Using Field Effect of Semiconductor, J. of the Japan Soc. of
Applied Physics, 44, Supplement (1975) pp.339-343

Exhaust
Heater

Thermo

200« m

Furnace

Quartz tube

Exhast

pH ISFET

Silicon oil

. 0 2 \1. 6 8 10 12 wpH
I

| “\ pNa ISFET Theoretical Nernstian slope
it

il

pNa sensor

pHB8

5 pNallogQyg)
Multi ion sensitive ISFET

Reference :
Semiconductor, IEEE Trans. on Biomedical Engineering, BME—25 (1978) pp.184-192

M.Esashi and T.Matsuo, Integrated Micro Multi lon Sensor Using Field Effect of

~
1
~

0.1 we% albumin

in HCI-NH,OH (pH 7) >
= -/
Experiment —

solution

w
o

N
o
T

Calculation
—0.1

4Voyr (mV)
3
T

1
o
~N
Normalized surface
induced charge —gs/q,

Potential variation

| | 0
00 1 2 3 4

Indifferent electrolyte concentration

Image Charge Model —log [Normal]

Polymer gate FET

Reference : H.Nakajima, M.Esashi and T.Matsuo, The pH-response of Organic Gate ISFETs and the Influence of

Macro—molecule Adsorption, J. of Chemical Soc. of Japan, 10 (1980) pp.1499-1508



p3 Catheter pH, CO, sensor

Hydrogel pHFET Nylon Tube Sdicone Resin 7¢1 u,»i.me Wire
{ :

‘-fa ' N (

SHiconeResin Epoxy Resin ~ Wire |

Catheter-tip pH ISFET
>
* N .[\.-
= 'L
: g
g 3|
'a.:: ; i ’V—
R o

1 2 3 4 TIME(he)
Continuous pH and CO, measurement of sed arterial blood of mongral dog by the
catheter-tip pH ISFET and catheter-tip CO, ISFET.
Catheter pH, CO; sensor (Kurare — Tohoku Univ.)
Sensor element c
. . . . Catheter onnector
Reference : K.Shimada, M.Yano, K.Shibatani, Y.Komoto, M.Esashi PH-21
and T.Matsuo, Application of Catheter—tip .S.F.E.T. for
Continuous in Vivo Measurement, Med.& Biol.Eng. & Comput., SO BlSae

18 (1980) pp.741-745 : Catheter Lead wire

PH-31

Connector

Sampling / feeding port

Sensor element Lead wire

Sensor element

00-10 / / Catheter Connector

Connector
PH-80

Catheter pHCOz sensor commercialized in 1980 (Kurare, Nohon Kohden) E NIHON KOHDEN

o

Catheter (mm)

Type Application No Length Diameten Monitor Note
_EH_—21 | pH measurement in muscle etc | PH-2135 350 Ll KR-5000 | With reference
PH-31 pH measurement in esophagus PH-3110 (Adult ) | 1000 2.4 KR-5000 | With reference
i and stomach PH-3165 (Infant )| 650 2.4 KR-5010 | and feed port
*PH-BO pH measurement in mouth PH-6010 100 1.0 KR-5000 |Without reference
| PH-80 Reference electrode for PH-60 | PH-8005 50 1.1 KR-5000
C0-10 PCO, measurement in muscle etc| C0-1035 350 0.9 KR-5000 | With reference




ps Intermittent sampling continuous blood gas monitor
Normally open Normally close
micro valve micro valve
normally close normally open
Indwel ling
needle . W’n’){ -
> I
1 | pHISFET e siaaic
Reference HEmE . e shape memory metal
E e ° :
E Vi1 electrode Er ‘I: o o
g : =T 2 H o————— bias spring
° 2 glass tube
} 4 - aluminium
\ ] : 11i rubber
: . w1 \:1111:::e
To suction pump liquid o T P pyrex glass
E?zgzﬁggz Calibration solution aluniniun

Bimorph Type

Piezo Actuator
i

i Al Plate
. ——— Silicone Rubber

T v/ // Wy O™ Pyrex Glass

o ; 300pm Silicon
-

dd

Pyrex Glass
———— Al Plate

24 mm

Intermittent sampling blood gas monitor

Reference : S.Shoji, M.Esashi and T.Matsuo, Prototype Miniature Blood Gas
Analyser Fabricated on a Silicon Wafer, Sensors & Actuators, 14 (1988) pp.101-107

Ag-AgCl

Gas Permeable
Membrane

CO, Pressure

ﬁofi'*lq 30TmHg 60[11an

—

201 36min

L e J

g 46min

pH ISFET

e &
iy Silicon (200pm) ‘-6 4or
L A Dry Fim (80um) = 30|
' Pyrex Glass §

Cathode
Inlet Ele;;rrir;;e Sl Qutlet 1 1 N 1 N 1 =
et B i = 0 10 .20 30 40
" PoySensor pH Sensor PcopSensor Time (min)

Flow cell for continuous blood gas analysis

Reference : S.Shoji and M.Esashi, Micro Flow Cell for Blood Gas Analysis Realizing
Very Small Sample Volume, Sensors and Actuators B, 8 (1992) pp.205-208

Catheter tube

Silicone tube

0.01H KOH + p-HEMA
~N.

A)
Silicone resin

Lead wire [ % Si E ﬁ

o pHEMA
[} pHEHA*(NH.,)2Cr207
in air-saturated

flowing water

b

Polysilicon Cathode ( Au)> Anode
&m (Ag)

Clark type oxygen sensor in blood vessel

4 5 6 7 8
Time(hour)

Reference : M.Esashi, A.Nishikawa, T.Matsuo, Fabrication of Micro Oxygen Sensor by IC Techniques, Technical Report of

ICEC, MBE81-36 (1981)



ps Application of ISFET to dentistry, oceanography and fish cultivation

o Sl W R

T T T T T
After brussing
2 days 4 days 6 days
60 =}
I
=%
50 |
40 B
1 1 L 1
0 10 20 30 40 ’
Time (min.) N >

"

pH measurement of teeth

Reference : R.Chida, K.Igarashi, K.Kamiyama, E.Hoshino and M.Esashi, Characterization of Human Dental Plaque Formed on
Hydrogen—ion—sensitive Field—effect Transistor Electrodes, J. of Dental Research, 65 (1986) pp.448-451

KT96-8 NB-10 KT96-8 NB-20
pH pH
73 74 75 76 77 78 79 80 g 7.2 7.4 7.6 7.8 8.0 8.2
0 [rrveyer ey """.""‘,&/.: [ o ,,,.. .>‘).
500 o - 2004 4 xa
400 —
1000 @ o8& I e a
600 |
E1s00-@ % @ £ {
£ 1 £ 800 -
§ 2000/ ® & ® § |
o xo H : 1000 - @ ol 1
; ! I @ eom
2500 @ & W 4 !
° « =m i 1200 - @ oM :
‘ ® pH(SFET) | o om @ PH(SFET)
‘ ; l B pH(SWS) [ W PH(SWS)
3000 4 pH(Carrection) 1400 - o +n ’ pH(Correction)
M I

{ pH(Calculation) ‘ pH(Calculation)
3500 Lo+ 1 e AODG DEirs RIS BRI | 1600 8 4§!,A,A4 NI SRR TR |

Vertical profiles of pH obteined by ISFET-pH sensor (@). on board analysis (H:

MEETTITTY SRR MRS K ks S =i cux¥ wasis. glass electrode at 25T ; SWS scale), correction with in si« temperature and
M sea p" Sensor (4(!)[. x 55¢ pressure (@) and calculation from total carbonate and alkalinity (x).

Application of ISFET to oceanography (Central Research Institute of Electrical Power Industry, Japan Marine Science and
Technology Center)

Reference : K.Shitashima and M.Kyo, Application of Chemical Sensors to Oceanography — Development of Deep Sea pH
Sensor Using ISFET —, Geochemistry, 32 (1998) pp.1-11

OHINDENGEN

FET pH METER

e on ¥16,000 L ¥19.000

Portable pH sensor (Shindengen Kogyo)

Reference : Y.Ito, Development of ISFET and pH Sensors, Chemical Sensors, 14 (1998) pp.8-17



psé Micro ISFET and integrated micro probe

SOURCE & SUBSTRATE

LEAD WIRE
Pt ad
60pm ‘,‘_—»"‘A"
Lr‘% mm
R
| - e
— 6 mm e

Reference : M.Esashi and T.Matsuo, Biomedical Cation Sensor Using
Field Effect of Semiconductor, J. of the Japan Soc. of Applied Physics,

44, Supplement (1975) pp.339-343

SOURCE(n®) GATE

0um  10um (5+5pm)
el R CHANNEL
al STOPPER(p")
DRAIN(n*)

a. GATE RESION

DRAIN(n*)
CHANNEL
‘ & STOPPER (p*)
‘ b -4-ip SOURCE (n*)
|

—

b-b CROSS SECTION

| Cr-Cu-Au

‘ ﬁ DRAIN(n*)

‘ CHANNEL

‘ STOPPER(p*)
. L ¢ SOURCE (n*)

¢-¢'CROSS SECTION
Cr-Cu-Au

‘ SOURCE - SUBSTRATE
CONTACT (p*)

i d+ "if‘ d SOURCE (n*)
d-d'CROSS SECTION

300um  90um

Micro ISFET with 10 tm tip

" 41 Vos (V)
Ves (V) . th
.50
50 <
= +2
40 [} 340
v
o
=30] — +1
a -1
-2
10 35 10
-5
0 5 -4 -3 -2 -1 0

n TYPE DIFFUSION LAYERS

Micro ISFET with 60 tm tip

+
lSmV
- (a) Potential
0o 1 2 . S R
Time (sec)
acid
(b) pH JorpH

Activation potential and pH after light stimulation

Reference : S.Shoji, M.Esashi and T.Matsuo, Prototype Micro ISFET for Biomedical
Research, Electronics and Communications in Japan, Part 2, 69 (1986) pp.21-29

Integrated micro probe

1 usec /div
(a) Input of thelnverter

P X\
M...ov
(b) Output detected by metal microprobe

--- 08V
(c)Output detected by integrated microprobing head

Reference : S.Shoji, M.Esashi and T.Matsuo, Fabrication of an Integrated Micro Probing Head for Fault Analysis of MOS

Integrated Circuits, Sensors & Actuators, 14 (1988) pp.125-132



p7 Gas sensors

< — 10 mm -> B-a’
B o0 e
S S MICRO HEATER TEMP.
| R _5F zgg"c
> 100°C
Y LT 4
s ] Faa U § %
A—o— . +—{H-A . §3 i
-2F
oy % z
=
3'r
1 |
50 100
OXYGEN CONCENTRATION (%)

Magnetic oxygen sensor

Reference : M.Esashi, Micro Flow Sensor and Integrated Magnetic Oxygen Sensor
Using It, Digest of Technical Papers Transducers’91 (1991) pp.34-37

Extended Pd-gate

i AT T R [ PN e S

p~ Substmate
(G~8pmthack) ——— ;
Extended palladium—gate FET (Tohoku Univ. — Lmkoplng Univ. of Tech.. (Sweden))

Reference : F.Enquist, M.Esashi, M.Armgarth, I.Lundstrom and T.Matsuo, Design of a High
Temperature Extended Palladium—gate Field Effect Transistor for the Detection of
Organic Molecules, Digest of Technical Papers, The 4th Int.Conf.on Solid State Sensors
and Actuators (1987) pp.644-648

QCM (¢ 2mm) R RS L .
NG = | Sensing membrane
CH3COCH ]

. Ch1Ch2Ch3Ch4Chs B 3 ¥ 3C|Hc=cc1 CH;] B Chl: DMPC
= uefore § ZO (Neutral charge, rod)
S after loaded 4 { M Ch2 : Cholesterol
) \"/ l Chs -% (Neutral charge, flat)
e U £ mm Ch3 : DMPS
(3] = B
= 5 (Negative cl_mrge, rod)
3 E ‘
o n
O 20.0 20.5 21.0 21.5 22.0

1 2 3 4 5 6
Frequency (MHz) Type of odorant

Multi QCM by deep RIE of quartz

Reference : T.Abe and M.Esashi, One—chip Multichannel Quartz Crystal Microbalance
(QCM) Fabricated by Deep RIE, Sensors and Actuators, A82 (2000) pp.139-143

i 16.482 16.486
8 / o
An 0
VAN < 16.275 16.276
-120 ‘-‘L’J A J\‘,/\ 120

16.4 16.6 16.8 17 163 165 16.7 16.9
Imm Frequency (MHz) Frequency (MHz)

Bi—convex QCM
Reference : L.Li, T.Abe and M.Esashi, Fabrication of Miniaturized Bi—convex Quartz Crystal Microbalance Using Reactive lon
Etching and Melting Photoresist, Sensors & Actuators A, 114 (2004) pp.496-500

(,ond_uctancez(} (dB)
~
()
SN
G (mS)

('onduclnm‘e.(; (dB)
B
-




D8

Ve
)

Casting

Disposable

Blood analysis chip (i-STAT)
Reference : [.R.Larks, Microfabricated Biosensors and Microanalytical Systems for Blood Analysis, Acc.
(1998) pp.317-324

Master mold (top)

UV transparent silicone
rubber mold (top)
(Silpot 184, DowCorning)

chemical analysis chip

Sensor Chips

Carridge Label

Sample Ertry
Wel asket

Fluid Charnel

Cartrickge Cover

Waste
chamber

Sample Entry Well

Tape Gasket
Vent

Bivsersor Chips

Calbrant Pouch

5

diaphragm pun'\p
(under label)
Sample entry port

36

Chem. Res., 31

UL.&:.J:L—:'_—————_—_Q&I

Absorptiometric blood analysis chip made of polymer UV imprinting (Tohoku Univ. — Sysmetics)
Reference : K.Sawa and M.Esashi : Micromolding of Disposable Polymer Parts for Medical Diagnostics, Technical Digest of
the 18th Sensor Symposium (2001) pp.229-232

T o
L gluss 1 _—
ALY 3 \%‘& a). Virgin structure

L LK,
AR

PN
VAN VN VAN

¢). Fill reactant 2 using
capillary force or pump

Absorptiometric analysis chip which hold chemical by surface tension (Tohoku Univ. — Friburg Univ. (Germany))
Reference : R.U.Seidel, D.Y.Sim, W.Menz and M.Esashi, A New Approach to On—Site Liquid Analysis, Sensors and Materials,

12 (2000) pp.57-68

Target DNA with fluorescent lavel

A BCD

<
<SS
SSSI
SR
ASTITI, et

target DNA
5’ gCT-AgC- g CT-ggC-TTT-- Fluorescence

Complementary area

Jensqns

A TCg

Photo by epifluorescence
microscope

ATCg

DNA chip for gene analysis for SNPS of lever cancer (Tohoku Univ. — Cancer Institute — Tokyo Institute of Technology)

Reference

: K.Takahashi, K.Seio, M.Sekine, O.Hino and M.Esashi, A Photochemical/chemical Direct Method of Synthesizing

High—performance Deoxyribonucleic Acid Chips for Rapid and Parallel Gene Analysis, Sensors and Actuators, B83 (2002) pp.67-76
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ps Bio LSI and tactile sensor network

(Special Coordination Funds for Promoting Science and Technology,
Formation of Innovation Center for Fusion of Advanced Technologies)
Sensing point |

- LS|

T

Chip

_ External circuit box

Bio LSI (Tohoku Univ. Matsue

Sensors
Tactile Tactile Tactile Tactile
sensor sensor sensor sensor
#1 #2 #3 #4
1] 11 1] L1
Sgl[)) i 1 1 1 \\
s === )
CPU  Hub o * Sensing data

L

USB cable ?&a dne(:/(ijc(:ee) ml 1D | DATA 32bits) [cncusbm{ﬁ

Event driven type tactile sensor network for nursing care robot (Tohoku Univ. — Toyota Motor — Toyota Central Research Laboratory)

Capacitor Dicing with V-blade Back grinding

h | ————— A
Insulation

Tapered via thinned LSI B f——

20'S

‘ 1512500
]

o -

1512400

Output voltage [V]

N

1O Pad extension / redistribution

=
A O T A0 S1512300
e E]

B 11 11 e

Signal [V]
w

| Groove filling with polymer (adhesive)

0
- §r~
Z1.85
3 Bonding with MEMS wafer g 1‘4_';2 | T 1512100 L L L 1
: I S . . A =170 o — 00 02 04 06 08 1.0
LS! pad penetration £, A 0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 45 5.0 5.5 6.0 65 7.0 7.5 8.0 Normal force [N]
along V-shape groove EOS 1um Time [s]

Tactile sensor for robot skin (Tohoku Univ. — Toyota Motor — Toyota Central Research Laboratory)
Reference : M.Muroyama, M.Makihata, Y.Nakano, S.Matsuzaki, H.Yamada, Ui.Yamaguchi, T.Nakayama, H.Nonomura,
M.Fujiyoshi, S.Tanaka and M.Esashi, Development of an LSI for Tactile Sensor Systems on the Whole—Body of Robots, Trans.
IEE of Japan, 131-E (2011) pp.302-309

22
G ldssaning) ! E’ower Supply ge )
(Addressing) _B—=% ks Py Lead (Vp) g% 2
z
Logical ﬂeg 0
Thre;h_? \l/d Addisastig E’S 0001 0010 0011
Y : Y v Unit B 4
Clock ¥ 0>
Signal £%
v° Taotile S 28
1 actile Sensor + Foro;::nsmg 32 ¢
! 2 10 .
Address E " Output Signal
Vop Signal ,2. 0.5
= Comparator e g ",
Cvop IAs A2 1A 1A0 Signal 3
Given Address Vs ~Toos ~
1mm Leﬂd (GND)

Tactile sensor network with polling type common 2-wire

Reference : S.Kobayashi, T.Mitsui, S.Shoji and M.Esashi, Two—Lead Tactile Sensor
Array Using Piezo—resistive Effect of MOS Transistor, Technical Digest of the 9th
Sensor Symposium (1990) pp.137-140




pio Catheter blood pressure sensor

Metal Rod Glass Rod —8

Pressur sensor

Insulator Support
Blood pressure transducer with liquid filled catheter (Nihon Kohden — Tohoku Univ.)

Reference : H.Ozawa, T.Shibuya, S.Takeda, M.Hyogo, T.Sekiguchi and M.Esashi, Property
Improvement of Blood Pressure Transducers, 25" Gonvention of ME&BE, 3—-PF-3 (1986)

Silicone resin - T T T ——r T v T
BoTi 2w HoTuEWB T E] MekoT0 2l [BoTuzl | [Voiding |
& i Stainless steel 100mH.0
Intra vasical Preesure —J/\\—‘
100emH. O
% Intra urelhral prv.,sﬂure 1 .
Lead wires " b s ot i ol ietest ;
g (60um¢ ) ! —'\fﬁ
< ! i i il et BEd e
~ [ 100c=H.0 R A IS AT ! 1 i 2
i Intra réctum pressupe © 1070 ' e
rere -
J0md, sec ¢ e o
UFR = ?" e 3 . .
Zn Urine flow —/l
10 e : . :
5 :
= T i ;
9.2 (a)
] cE (b)
(d)
;0'2 . Vs Vs=—4v T=37°C
2 il T oo
i Type |Environment
04 Y | :
2 a | Surface[Dry nitrogen
Jo.6f Ro R [, [Buried [Dry nitrogén
i Surface |Wet air
Si0 Vol GND p(Piezos v 0.8( I et —
i02 Pl resstors) Vs Vo2 - d [Buried [Wetair |
(diltused) 1.0}
e] LS = — 7 (10um) (e)
3> 1.2 it N )
g v 0 1 2 3
4 Diaphragm Time (hour)
(550um#)

Piezoresistive multi pressure sensor catheter (Tohoku Univ. — Nihon Kohden)

Reference : M.Esashi, H.Komatsu, T.Matsuo, M.Takahashi, T.Takishima, K.Imabayashi and H.Ozawa, Fabrication of
Catheter—tip and Sidewall Miniature Pressure Sensors, IEEE Trans. on Electron Devices, ED-29 (1982) pp.57-63

1400 ; : : 100 pumiigg

0
50

Laser Diode Fiber Coupler

1200

—100

—130

5 1000 o5 )
Optical Fiber > 800
‘Z 600}
Photo Detector Diaphragm 5
Half Mirror(ZnS) Sum  (Si02:0.7um) = 400k

200

125um
90um

0
400

i i i i
45() 500 550 600 650 700 750 800

! Wavelength [nm]
Mirror(Al:0.2pum)

Spacer(Polyimide) Mesa(Si02:2.3um)

Small diameter fiber optic blood pressure sensor

Reference : T.Katsumata, Y.Haga, K.Minami and M.Esashi Micromachined, 125 tm Diameter Ultra
Miniature Fiber—Optic Pressure Sensor for Catheter, Trans. IEE of Japan, 120-E (2000) pp.58-63
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p11 Active catheter

Forward-looking Inner tube
ultrasound imager Active guide wire (stainless steel coil
. A & parxlenc
Outer tube Liner coil

polyurcthanc) (stainless steel coil) gl_|

SMA coil actuator

. \
Stenosed lesion [Stiffness control] |

‘ Extending| [Torsion|
(excentric)

Catheter Blood vessel

SMA coil actuator

Concept of multifunction active catheter Active ileus tube

Reference : Y.Haga and M.Esashi, Biomedical Microsystems for Minimally Invasive Diagnosis and Treatment, Proc. of the
IEEE, 92 (2004) pp.98-114

Nd:YAG Laser

< |[—>Lens

Metal rod SMA coil (insulated)

M) I RRRAARTIRY
l&)’}.’l\ll!"l

Assembly of multi—function active catheter using Shape Memory Alloy (SMA)

Reference : Y.Haga, M.Esashi, Assembly of Bending, Torsional and Extending Active Catheter Using Electroplating, Trans. IEE
of Japan, 120-E (2000) pp.515-520

Ti-Ni SEA tube & 1.0mm

=

Suction of water

1

Silicone rubber tube

|
Super Elastic Alloy (SEA) tube o

Silicone rubber tube

Suction type active catheter

Reference : Y.Muyari, Y.Mineta, T.Mineta and M.Esashi, Development of Hydraulic Suction Type Active Catheter Using Super
Elastic Alloy Tube, Proc. of the 20th Sensor Symposium (2003) pp.57-60

Inner tube Liner coil

Adhesi\!ei ey

Ultrasound probe | A <zt

S=PARRRRR

Cross section

—
= T £
N o]
" Flexible shaft
Lead wire

MRS
VRVRVRVRVRVRVEIY

S

Ultrasound resonator X L—
Adhesive  SMAcoil |

Silicone ﬁ]hber tube

¥

b

Small diameter ultrasound image sensor with

active bending mechanism using SMA Endscope using active bending
| ultrasound image sensor

Reference : Y.Haga, Y.Tanahashi and M.Esashi, Small
Diameter Active Catheter Using Shape Memory Alloy,
Proc. of IEEE MEMS'98 (1998) pp.419-424
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D12

Conductive epoxy

g5 S RN

Link Bias spring

Multi—link motion mechanism using shape memory alloy

] Lead wires
£ g s Si (circuit)
= 8 &
o~ RS Al
Glass
= Outer tube

SMA actuator

e e T — e

Reference : G.Lim, K.Minami, K.Yamamoto, M.Sugihara, M.Uchiyama and M.Esashi, Multi-link Active Catheter Snake—Like
Motion, Robotica, 14 (1996) pp.499-506

C&C IC with
flexible

interconnect
leads

Inner tube

Power supply (Vpp)
C&C (Vee)

______ =
CLOCK
E%’g,‘:a%gﬁ" I——-I 3-PHASE CLOCK l

Liner coil

DATA IERTEY

Ls8

iz

bit

Lssasaupasannd
Ground (GND)

Multilink active catheter with common 2—wire integrated CMOS communication control circuits

Micro SMA
actuator

Reference : K—T.Park and M.Esashi, A Multilink Active Catheter
with Polyimide—Based Integrated CMOS Interface Circuits, IEEE J.
of Microelectromechanical Systems, 8 (1999) pp.349-357

Reference : E.Shinohara, K.Minami and M.Esashi, Peristaltic Motion System Like

@ Tmm ¢ 2mm Si wall

£
,E Output
sy
Power
! Aot
Head /| -~ .7 Tail

3
ISeX

Circuit s

Peristaltic Motion System (Artificial earthworm)

Earthworm, Trans. IEE of Japan,119—-E (1999) pp.334-339
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p13 Imaging for minimal invasive medicine

Lower electrode

1-3 composite
PZN-PT
(Fres. 10MHz)

Insulator

3 mm
0.5 mm
it

Upper electrode

Ground Acoustic impedance

matching layer

Polymer

Forward looking ultrasound imager

Reference : J.—J.Chen, M.Esashi, O.0sato, K.Chihara, Y.Haga, Development of a Forward —looking Ultrasound Imager for
Intravascular Treatment, Trans. of the Japanese Soc. For Medical and Biological Engng., 43 (2006) pp.553—-559

Packaging (Outer diameter <2mm)

Laser for therapy

GRIN Lens Optical fiber

2D microscanner 500 4« m

Object (discased area)

Piezo-unimorph actuator Pivot Movable mirror

Optical scanner endoscope

Reference : H.Akahori, HWada, M.Esashi and Y.Haga, Tube Shape Piezoelectric 2D Microscanner for Minimally Invasive Laser
Treatment, Technical Digest MEMS'2005 (2005) pp.76-79

Catheter 3-axis MI sensor

Display system of position and direction for catheter tip using 3—axis magnetic sensor

Reference : K.Totsu, Y.Haga and M.Esashi, Three—axis Magneto—impedance Effect Sensor System for Detecting Position and
Orientation of Catheter Tip, Sensors and Actuators, A 111 (2004) pp.304-309

Vessel wall Receive coil

\ / Lesion
S I
———— -\ Guidewire

Matching circuit Through hole
e
— 1mm

Receiving coil for MRI signal located at the catheter end

Reference : S.Goto, T.Matsunaga, Y.Matsuoka, K.Kuroda, M.Esashi and Y.Haga, Development of High—Resolution Intraluminal and
Intravascular MRI Probe Using Microfabrication on Cylindrical Substrates, Tech. Digests of MEMS 2007 (2007) pp.329-332
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p14 Implantable stimulator gl

apa alumina PCB Au—plate@
sintered, anodized Ta | Ptlr washer (ASIC other side) elgiloy spring |y washer
I - Ferrites
2 e final
\‘ - seal
/ ASIC
glass bead Au Wire Bonds —— ~
solder Cu coil ferrite | moisture getter Ta tube Diode Chip ——— Ll
3 Alumina uPCB
glass capillary serial glass bead

number

Implantable electrical stimulator BION (BIOnic Neuron) (Univ. of Southern California)

Reference : G.E.Loeb, F.J.R.Richmond, W.H.Moore and R.A.Peck, Design and Fabrication of Hermetic Microelectronic Implant,
15t Annual Internl. IEEE-EMBS Special Topic Conf. on Microtechnologies in Medicine & Biology (2000) pp.455-459

['ev voLTaGE l
RF SIGNAL REGULATOR
3 5V VOLTAGE '
REGULATOR

CONTROL
LOGIC

e I et
RECOVERY

CATHODE

DATA
RECOVERY

Reference
Electrode

Receiving T T T T T TS
Coil (antenna) - — — — — >
e Oy 1
i arge |
g;it;)g;rg:lﬂ: Storage Capacitor LLLLLLLLL 7 l” ”
Hybrid IC 1 0 0 1 1
- s iy Activate the Next
Stimulating RESET Stimulator

Electrode

Implantable electrical stinulator (Univ. of Michigan)

Reference : B.Ziaie, M.D.Nardin, A.R.Coghlan and K.Najafi : A single—channel implantable micro stimulator for functional
neuromuscular stimulation, IEEE Trans. on Biomedical Eng., 44 (1997) pp.909-920

el 0 W,

Cochlear implant (Cochlear (Australia))

Reference : T.R,Gheewala, R.D.Melen and R.LWhite : A CMOS implantable multielectrode auditory stimulator for the deaf,
IEEE J. Solid-State Circuit, SC-10 (1975) pp.472-479
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